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Abstract 
The plastic processing possibilities for products made of spheroidal cast iron are particularly analysed. The problem of precise defining 
that kind of alloy in present machine industry is shown. Necessity of classification change  in both, Polish and European norms for cast 
irons, is indicated. The main aim of research was to draw a distinction between grey cast iron with flaky graphite structure and spheroidal 
cast iron with nodular graphite structure in their mechanical and technological  proprieties.  
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1. Introduction 
Due to advances in technology of the cast iron production, and development of chemical composition, precise definition 
of the cast iron is problematic. The current definition states that the cast iron is an alloy of iron with carbon and other 
primary elements with carbon content from 2% to 3.6% [18], [31] can not be adopted as the mandatory term for all modern 
species and types of manufactured cast iron.  For example - high quality cast iron (ductile cast iron and cast iron alloy). 
Ductile cast iron contains carbon in an amount not exceeding 1%. Worldwide classification of cast iron is complex and 
needs to be modified together with the technology for its production. Although the standards of classification give the 
systematic of these materials, but do not capture all of their grades. Cast iron can be classified according to chemical 
composition, structure, purpose, characteristics, etc. [1], [16], [18], [19], [21], [24], [25], [28]. The rapid development of all 
fields of technology, including the metallurgy and foundry, results in using more and more new alloys with different 
chemical compositions and improved properties that are not yet included in the standard classification [18]. As an example 
we can introduce  the of cast ADI (Austempered Ductile Iron). Delays in the clear classification of the different grades of 
cast iron is not only in Europe, but it is a common phenomenon widespread throughout the world. 
For example, in austenitic ductile cast iron there are 6 grades of major classes of cast iron, characterized by the properties 
- iron cast [16], [18], [38]: 
• Non-magnetic, 
• Plastic for the low temperature treatment (with the content of nickel 21%) [39], corrosion resistant with the addition of 
nickel and molybdenum (cast iron high chromium – iron molybdenum [38], 
• Cavitation resistant [40], 
• Resistant to high temperatures and rapid temperature changes [40]. 
* Corresponding author. Tel.: 48-68-328-25-77. 
E-mail address: P.Kurylo@ibem.uz.zgora.pl. 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd.Selection and/or peer-review under responsibility of the Branch Offi ce of Slovak Metallurgical Society at 
Faculty of Metallurgy and Faculty of Mechanical Engineering, Technical University of Košice Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
327 Piotr Kuryło /  Procedia Engineering  48 ( 2012 )  326 – 331 
Another classification of ductile cast iron includes mechanical, physical and technological properties. There are the 
following known grades of ductile cast iron [16], [18]: 
• resistant to high temperatures, 
• resistant to temperature changes, 
• with improved mechanical properties, 
• weldable, 
• With high thermal conductivity. 
In literature, most of cast iron are considered in the aspects of [15-18], [32]: 
• chemical composition 
• hardness 
• casting structure, 
• strength, 
For the construction of machines mainly grey cast iron, high grade cast iron, ductile cast iron, inoculated cast iron and 
malleable cast iron are used. Chilled cast iron is used only in exceptional cases, while the white cast iron is used mainly as 
semi-finished products in the production of malleable cast iron. Cast iron is a complex alloy and except of carbon, contain 
silicon and manganese and, in general, sulfur and phosphorus. The decisive factor in the structure of iron is also the rate of 
cooling during solidification. Gray cast iron usually has a structure consisting of graphite precipitates in the matrix ferrite, 
ferrite-pearlite or pearlite. In technical alloys of iron and carbon alloying elements Si, Mn, S have large influence on the 
graphitization. The components which foster graphitization are silicon and magnesium (Si, Mn). 
Gray cast iron gained great popularity thanks to such advantages as:
• Ease of die casting, even in sand or metal forms (shells), 
• Possibility to reduce machining to a minimum and good machinability, 
• Good fastness (close to low carbon steel) 
• High vibration damping capacity, 
• Good abrasive resistance, 
• Low thermal expansion (these features led to widespread use of cast iron in the automotive industry in the cylinders, 
pistons, rings, bearings), 
• Low cost of manufacture. 
2. Constructional cast iron 
Cast iron as the material is associated with the cast in this form because it usually occurs as a semi-finished products. 
Ordinary gray cast iron can be characterized by the matrix structure: ferritic, ferritic - pearlitic and pearlitic. In the structure 
of cast iron outside the metal matrix -  flake graphite occurs, steadyt (eutectic phosphate) and non-metallic inclusions [18]. 
Ferritic gray cast iron has a low resistance, good machine-ability and low resistance to abrasive. The hardness and strength 
of gray cast iron increases together with the share of pearlite in the structure. Withstand the high strength pearlitic cast iron 
is about 350 ÷ 450 MPa at a hardness of 200 to 250 HBW. Grey cast iron has good damping capacity. Grey cast iron (PN-
EN 1563:2012,) is classified in two groups: according to the tensile strength or to the hardness [18]. Ductile cast iron is an 
alloy of iron and carbon, where carbon is found mainly in the spheroidal form [20]. Conducting various types of heat 
treatment (e.g. stress relief annealing, softening annealing, hardening and tempering or hardening and isothermal hardening) 
makes it possible to obtain ductile cast iron full of different mechanical properties. Naturally, every property taken 
individually or any combination of them offered by cast iron may be what interests the constructor, starting from machine-
ability by different machining methods, through the damping capacity, modulus of elasticity, corrosion resistance and other 
properties ending. An excellent example is austenitic ductile cast iron, which is never selected for their durability and 
excellent flow properties, but because of good resistance to corrosion and oxidation. From the mechanical properties (the 
process of obtaining) point of view, what the cast iron has, it is important to distinguish between names as distinct grades 
such as gray iron or ductile iron ADI. In contrast to the gray cast iron with flaky graphite, ductile iron has very good 
properties of both the plastic strength and the abrasive resistant. ADI cast iron represents a relatively new group of ductile 
cast iron offering the designer a very good combination of strength, ductility and abrasive resistance. ADI cast iron has a at 
least twice strength property as the typical cast iron covered by the standard PN EN 1564:2012, while maintaining the 
substantially longer dimension and plastic properties (ADI cast iron will not be a subject of investigation in the article). 
Designing of technology process as part of the manufacturing process, identify with the continuous decisions in the aspect 
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of with possibilities and conditions of conversion pig iron or workpiece into a finished product. Engineer in the design 
process, shall select and design variants of technological processes of machine parts. The choice should meet the 
requirements of the technical quality criteria relating to physical properties (reliability, durability, ductility, fatigue strength, 
etc.) and have a direct relationship with the economic quality requirements (time and cost performance) [2]. Must be 
accepted that ductile cast iron only because of the color of the fracture is a special type of gray cast iron. However it is a 
completely different type of material in terms of many characteristics, resulting primarily from technological advancement 
in casting. It should be also noticed, that obtaining of various alloys, including various types of cast iron (called gray) 
depends on the metallurgy of obtaining them from the liquid alloy and the casting of the technology. 
3. Technological properties of ductile cast iron 
While determining the properties of ductile cast iron, the elasticity and ductility are often underlined. So far, only the cast 
steel and sometimes the malleable cast iron, outperforms ductile cast iron. It must be recognized that these properties are 
quite rarely required or used. The great majority of castings must maintain its shape in most operating conditions, no matter 
how heavy they are. Ductility, which is the ability of material to bend, warp or other plastic deformation without its 
destruction, is regarded as the measure of safety. In some parts such as gears (gear wheel), fracture may be even safer 
mechanism of destruction. The property most respected in most structures, is the strength, the more that the basis of design 
calculations is the conventional yield strength, taking into account the safety factor. 
We should underlined the fact that the yield strength of ductile cast iron generally exceeds the yield strength of ordinary 
grey iron cast (flake) and ductile iron cast as well as many other non-alloy steel [3]. Interaction, either by chemical 
composition, or through the metallurgical process to increase the yield-point usually reduces the resistance to impact load. 
The main characteristic of ductile cast iron is its good running quality and low shrinkage foundry. Ductile cast iron is 
characterized by a good machinability (Fig. 1.). 
V60[m/min]
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Fig.1. Effect of hardness on the hourly rate of iron machining [4], where: 1 - ductile cast iron, 2 - Cast iron with lamellar graphite 
4. Ability of ductile cast iron to plastic forming 
Available literature states that the increase in yield strength of ductile cast iron EN-SGJ-500-7 occurs above 500 °C, and 
temperatures up to 840÷1050 °C can be done to iron metal forming [5], [26], [27], [30]. This is undoubtedly the preferred 
form of graphite and its distribution in the matrix of cast iron. Ductile cast iron dedicated for plastic processing should 
include a minimum value of phosphorus (less than 0.1% P) [5-8]. One way to improve ductility strength of ductile cast iron 
is its normalization. Normalizing differs from annealing only by a specific course of heat treatment process, soak time 
(usually less) and the way of cooling (e.g. air). Structural changes are similar to those occurring during annealing, any 
differences may be due to differences in holding time and method of cooling. Normalizing increases the tensile strength and 
a significant increase in yield strength ductile cast iron, if the manganese content is not high [5]. The classification of 
malleable and ductile cast iron as cast materials is a reliable high strength tensile strength (Rm), yield strength(Rp02), 
tractile (A) and hardness (HBW) as the hardness is usually a reference value [6-8]. Comparing the mechanical properties of 
malleable cast iron and ductile cast iron can be stated that in some steel grades, these values are comparable, especially for 
the grades with high properties - above the tensile strength of Rm = 500MPa [6]. 
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5. Comparison of synthetic properties 
As it is known, for the commonly used cast iron there are also introduced alloying elements (occurring in addition to 
existing appendages). 
Alloying elements are added to improve the functional properties of cast iron, in particular:
•  Increase the mechanical properties 
•  Increase resistance to abrasion, 
•  Improved resistance to galvanic corrosion, 
•  Improve the corrosion resistance of gas at elevated temperature, 
•  Improve physical properties such as magnetic or electric.
In table 2.1 selected properties of plain cast iron are presented. Presented data shows that, ordinary gray cast iron, ductile 
cast iron and malleable cast iron are three different types of cast irons. Selected properties of different groups of non-alloyed 
cast iron compared in Table 1. 
 Table 1. Comparison of the structure and orientation properties of different groups of plain cast irons 
G
ro
u
p Main components of iron 
cast C, Si Structure 
Rm
[MPa] 
Rp0,1 
[MPa] 
A 
[%] HBW 
Rc
[MPa] Characteristic 
ferritic Flaky graphite in ferritic matrix 125÷200 85÷140 0,5÷1 100-150 
gr
ay
 
pearlitic 
3.25% C 2% Si 
Flaky graphite  
in pearlitic matrix 150÷250 100÷200 0,5 180÷240 
600÷800 
low strength and ductility, good 
casta-bility and machin-ability, 
high damping capacity, low 
processing cost of production, 
widespread use 
ferritic Nodular graphite in ferritic matrix 400÷450 200÷300 10÷25 130÷170 
750÷900 
D
uc
til
e 
pearlitic 
3.5% C 2% Si 
Nodular graphite 
in pearlitic matrix 600÷750 300÷400 3 240÷290 1000÷1250 
good mechanical and malleable 
properties, good cast-ability, 
numerous applications 
white 2.5% C Bark surface 350÷450 280÷320 5÷10 120÷220 - 
M
al
le
ab
le
 
black 0.8% Si Graphite ferritic 
matrix 300÷400 260÷300 10÷20 110÷190 - 
good strength and ductility, 
synami loads resistance, 
numerous applications 
Significant  differences
      No significant differences  (comparable values) 
Putting together an important parameter (because of the possibility of plastic modification) Rm for ordinary gray cast 
iron and ductile cast iron can be concluded that the range of values Rm is quite different for both of these cast irons (gray 
and ductile normal ferritic matrices). For ordinary gray cast iron is in the range 125 to 200 MPa and for ductile iron with the 
same matrix is 400 ÷ 450 MPa. 
6. Conclusion of the analysis 
Due to the excellent mechanical and functional properties (e.g., damping coefficient), ductile cast iron is the core of 
foundry alloys of iron with carbon and is widely used mainly as a material for castings for the automotive, agricultural 
machinery, casting pipes, manholes, manholes and sanitary fittings, in the glass industry (as a material for glass forms). 
Designers should be able to use ductile cast iron in structural design of lighter, smaller wall thicknesses. One of the 
possibility of  significant influence on the quality of castings among the others, is the possibility to develop particular 
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characteristics in transition zone of the surface layer and the native material which generally is not included in  international 
literature [1], [5-12]. 
In order to obtain a relatively high mechanical strength, especially tensile strength at a relatively high aspect ratio of 
ductile cast iron, the research should be continued into the development of selected parameters such as the border of the 
tensile strength Rm, Rp02 minimum yield strength, elongation minimum A5-tion and hardness HBW [4], [6-9], [13-14]. In 
literature there are not so many test results described which allow us to consider ductile cast iron for the kind of grey iron, 
easy for plastic forming. 
There are many factors which have a significant impact on the quality of castings. 
Among these factors we can select the following: 
• Chemical composition [1], [5-6], [8], [12], [17-19], [21-23], 
• Use of specific molding, with certain coefficients of heat accumulation - b2, 
• Use of metal filtration using ceramic filters [15],
• Use of certain methods of casting (e.g., in the casting or sand forms, with or without internal and external chills) 
• Use of heat treatment and thermo-chemical [6], [8], [33-35], [36], 
• Control the cooling and solidification of ductile cast iron and many other ways, which use depends on the technological 
knowledge [16]. 
7. Conclusions 
The results of the analyzes allow the following conclusions to form: 
• Ductile cast iron is characterized by superior properties such as strength [5], 
• Ductile cast iron has a better plastic properties than conventional gray cast iron (patch) [6-7], [36], 
• Ductile cast iron has a lower coefficient of thermal conductivity [30], 
• Cast iron has seventeen times lower damping capacity than conventional gray cast iron - hence the result restricts its use 
for certain castings such as road [29]. 
• Ductile cast iron guarantee: 
¾ greater dimensional accuracy 
¾ better surface quality 
• There is no significant difference in corrosion resistance in the environment  of waste water and soil environment 
between the gray cast iron and ductile cast iron [30] 
• Ductile cast iron has a higher strength but also a number of adverse features, 
• Both conventional gray cast iron and ductile cast iron have a very wide range of applications [5-7], [16]. 
It should be noted that the ductile cast iron, whose properties are similar to those of malleable cast iron (with the 
possibility of plastic forming) should be considered as a material quite different from ordinary gray cast iron with flake 
graphite structure, which is not mentioned in world literature. However, due to similar structures characteristics and 
breakthroughs we can only talk about the similarities of these materials. One of the grades of gray cast iron is vermicular 
cast iron. It is a material characterized by a properties completely different from ordinary gray cast iron, but because of the 
color of the fracture and the similarity of structures is considered as gray cast iron. The yield strength of ductile cast iron 
generally exceeds the yield strength and ductile cast iron castings as well as many non-alloy steels [5-8]. A comparison of 
properties of ductile iron castings with properties of ductile cast iron, which were studied, should be noted that the ductile 
material is better in terms of mechanical and technological properties [5-8]. Researches presented in several publications 
results comparing mechanical and functional properties of malleable cast iron and nodular cast iron show that they are 
comparable plastics, with wide possibilities of their application [5-8]. All iron cast and especially these in the form of 
carbon-graphite (gray) are casting alloys with good castability, low-shrinkage casting. They are ease to machining and have 
useful properties for the constructor. In our article an important factor has been omitted - a comprehensive impact of 
production on the environment. By introducing products of ductile cast iron as a replacement for previously used materials 
such as cast steel, malleable steel, there is less harmful environment pollution produced and we simplify the metallurgical 
process of Fe - C alloy. Other advantages are - energy consumption limitation, reduce of labor time, reduce of CO2
emissions to the atmosphere (temperature lower than in the metallurgy), reduce of formation of gases in the process: 
melting, casting and cooling. At the same time it should be noted that the production of ductile iron requires more skills and 
technical culture than the so-called lost. "Aizoli". It seems advisable for actions on the change of classification (changing 
European and global standards concerning the classification of cast iron) cast iron, as commonly used legal regulations are 
regulations inadequate to dynamic changes in getting the new iron cast. 
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